This paper investigates, both theoretically and empirically, the implications that complementary assets needed for the formation of start-ups -proxied by the ease of access to financial resources -have on the innovative efforts of incumbent firms. In particular, we develop a theoretical model, highlighting a strategic incentive effect by which the innovative efforts of incumbent firms are decreasing in the availability of the complementary assets needed for the creation of a start-up. The empirical relevance of this effect is investigated by using firm level data drawn from the third Italian Community Innovation Survey covering the period 1998-2000. The results of our empirical analysis support our theory-based insights.
Introduction
It is often argued that the knowledge embodied in firms' employees is an important vehicle for the diffusion of technology. Indeed, there is broad empirical evidence showing that technological change in many industries is fostered by the entry of start-ups created by former employees of incumbent firms (see, e.g., Klepper and Sleeper, 2005, and Klepper, 2010) . In this context, to the extent that the knowledge of 'key' employees can not be fully appropriated by an incumbent (for instance, because it is to some extent tacit knowledge) 1 , the threat of creating a new firm may distort incumbents' incentives to invest in innovative activities. The effects of employee mobility on firms' innovative efforts has been investigated in the literature. In particular, Franco and Filson (2006) develop a dynamic industry model with endogenous R&D effort in which spin-out firms can be started by former employees of incumbents. Using data from the disk drive industry, they also show that taking this channel into account helps explaining the pattern of start-ups formation and firms survival. Similarly, the theoretical work by Gersbach and Schmutzler (2003a,b) points to the importance of worker mobility for firms' incentives to invest in R&D. Indeed, they show that R&D incentives under price competition are larger than under quantity competition in the presence of endogenous spillovers stemming from worker mobility, while the converse is true when worker mobility is neglected. As in our model, in these papers the innovation effort of firms is endogenous. However, our main focus here is on the effects of the availability of complementary assets for incumbents' R&D investment, an issue that has not been considered by this literature.
Starting with Teece (1986) , a number of authors have pointed out the importance of different types of complementary assets for the creation of new firms 2 . Numerous examples of complementary assets, which are critical for the successful commercialization of new technologies, have been given in the literature. These include expertise and infrastructure for product development, manufacturing, legal, sales, distribution and customer service activities, as well as access to capital markets (see, e.g. Rothaermel and Hill, 2005, Park and Steensma, 2012 ). An example of complementary asset that 1 Zucker et Al. (1998) , among others, have noted that the commercialization of innovative technologies (such as biotechnologies) is largely affected by the fact that the underlying relevant knowledge is tacit. From a theoretical perspective, Spulber (2012) investigates the role of tacit knowledge in the trade-off between entrepreneurship and technological transfer.
2 A different stream of literature studies the potential creation of start-ups by focusing on ex-ante and ex-post contracting between an incumbent firm and a key employee in the presence of weak (or absent) property rights (see, among others, Anton and Yao, 1994 , and Anand and Galetovic, 2000 .
2 has received most attention in the literature is the availability of financial resources and especially venture capital. For instance, the country reports of the European Innovation Scoreboard, published annually by the European Commission, regard early stage venture financing as a key indicator of the innovation potential of a region. These reports also show that the availability of such assets differs substantially between regions and present the reduction of barriers for accessing them as an objective of innovation policies. The effect that a reduction in the barriers to start-up formation might have on the R&D investments of incumbent firms is however hardly understood and typically not considered in this discussion.
In this paper, we investigate the effects of complementary assets availability on the innovative efforts of incumbent firms and on the creation of start-ups by former employees. In our model an incumbent invests in R&D generating new knowledge that is -at least partly -embodied in a key employee, who can possibly exploit it to create a new firm (a start-up). If the employee leaves the incumbent to create a start-up, the incumbent suffers a loss both because it cannot fully appropriate the returns from its R&D efforts (as it looses the share of knowledge remaining with the employee), and because a new competitor enters the industry. Eventually, the creation of a start-up is conditional on the availability of complementary assets and on the market demand the new start-up expects to face. The size of this demand is unknown when the firm decides about its R&D investment, where an increase in investment shifts the distribution of demand realizations upwards. Before the key employee decides whether to form the start-up or not, the size of the demand for the potential start-up firm is revealed to her. The employee exits the firm and generates a start-up if her expected profit, which takes into account the costs of accessing the necessary complementary assets, exceeds her current income in the incumbent firm. When the needed complementary assets are easily available in the market, the value of the employee's outside option is large, which results in an increase in the ex-ante probability that a start-up is formed. Therefore, the incumbent's incentives to invest in R&D are reduced.
Our explanation of incumbents' innovative efforts as a function of the availability of complementary assets required for start-up formation builds essentially on a strategic argument: the more easily available complementary assets are, the higher the value of key employees outside option is and the lower the incentives of incumbents to invest in R&D are. Quite obviously, however, a number of other factors may be at work, possibly entirely offsetting the negative strategic effect outlined above. For instance, in a static perspective, non-compete clauses (or other covenants allowing the key employee to credibly commit ex ante not to leave the firm), as well as the design of schemes protecting intellectually property deriving from innovative activities, may be effective 3 in allowing the incumbent to fully appropriate the benefits of its innovative efforts.
However, clauses of this type are likely to be ineffective in several cases: indeed, there is a large literature stating that non-compete covenants are not always enforceable (see, e.g., Fallick et Al., 2006) , and property rights over R&D knowledge are often weak or absent (see, e.g., Yao, 1994, 1995) . This is especially true when the knowledge acquired by key employees is to a large extent tacit, which is often the case in highly innovative sectors (see Zucker et Al., 1998 , for the biotechnology industry, and Fallick et Al., 2006 , for the computer industry).
Perhaps more important, in a dynamic perspective, start-up formation contributes to the creation of local clusters of firms, and there is robust evidence that the generation of knowledge in a cluster has positive knowledge externalities for the other firms in the cluster. Hence, the incumbent may benefit from the existence of a local cluster originated by the creation of start-ups ( see, e.g., Colombo et Al., 2012 for an analysis taking into account this effect). Jaffe et Al. (1993) and Audretsch and Feldman (1996) , among others, show that technological spillovers across firms are likely to emerge when firms are geographically concentrated. Although we emphasize the role of knowledge externalities, it is well known that several other types of (positive and negative) externalities are relevant in clusters; see, e.g., Hanson (2001) .
All these factors -that are likely to have a bite in practice -are neglected by our model, focusing entirely on the incentive effects stemming from the impact of the incumbent's decisions on the key employee's outside options. One may therefore question whether our arguments are of large practical relevance, or whether the tradeoff between the negative incentive effect we highlight and the direct effects of startup formation (favoring the emergence of industrial clusters, and generating positive externalities through local technological spillovers) should be resolved unambiguously in favor of the latter.
The second part of this paper addresses exactly this issue. After introducing in Section 2 a stylized model and deriving our main theoretical result, we bring the model to the data (in Section 3), to check whether the negative strategic relationship between the innovative efforts of established firms and the availability of complementary assets is of any empirical relevance. In particular, we investigate whether -ceteris paribus -there exists an inverse relationship between the availability of complementary assets (proxied in our analysis by the availability or lack of financial resources experienced by new entrants) and the R&D expenditures by incumbents. 3 The results of our em-3 As discussed above, the availability of the financial resources needed to start and develop a new company (be it in the form of bank loans, private equity, or venture capital) is a key factor in all industries to gain access to the complementary assets that are needed for start-up formation. Hence, pirical analysis (in Section 4) strongly support our theoretical claim that the R&D intensity of incumbents is -ceteris paribus -negatively correlated with the availability of complementary assets.
The model
We consider an incumbent firm acting as a monopolist for his product and facing an inverse demand curve p F (q, K), where q denotes output quantity and K is the knowledge stock of the firm determining the quality of the product. We make the following (standard) assumptions concerning p:
Furthermore, we assume that for any given quantity q the price p F (q, K) exhibits constant elasticity with respect to K. Marginal costs of production are normalized to zero. The profit of the firm when it produces the optimal quantity is denoted by
In order to build the knowledge stock K, the firm has to make the investment
The knowledge stock is embodied in a key R&D employee of the firm, and it is assumed to be partly tacit. In case the employee leaves the firm, only a fraction δK, with 0 < δ < 1, of the generated knowledge is retained by the firm.
Upon leaving the firm, the R&D employee might use her knowledge stock K to found a start-up company. In order to do so, complementary assets are needed, which are provided by a third party who keeps a fraction 1 − γ of the profits generated by the start-up. The parameter γ ∈ (0, 1) can therefore be interpreted as a proxy of the availability of complementary assets in the considered industry.
The more easily available complementary assets are, the lower the fraction of the start-up's profit accruing to the provider. The net profit of the former R&D employee following start-up formation is given by
where π S (K) denotes the profit of the start-up firm and C are the costs borne to found the start-up, which include the opportunity costs of the former employee's wage income at her former employer. It is assumed that the inverse demand for a product offered by a start-up cannot be as clearly anticipated as that of a pre-existing firm and it is we use this indicator as a proxy for the easiness of accessing complementary assets and founding a start-up.
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always below that of an incumbent who has the same knowledge stock K. In other words, having been in the market for longer gives an advantage to the incumbent. In particular, we assume that the start-up faces the stochastic inverse demand curve
where ξ is uniformly distributed in [0,ξ] withξ < 1. This implies
Furthermore, it is assumed that the effect of the entry of the start-up firm on the demand for the product of the incumbent is negligible, and therefore the profit of the incumbent firm after the formation of the start-up is given by π F (δK). 4
The following timing of events is considered.
1. The incumbent invests in order to generate the knowledge stock K.
2. The key employee learns the realization of the stochastic variable ξ.
3. The employee leaves the incumbent and she forms a start-up if and only if
In this case, only a knowledge stock of δK remains within the incumbent firm.
4. The incumbent and the start-up (if it has been founded) realize their profits.
The assumption that the key employee learns the exact value of ξ in step 2., and therefore the exact form of the demand function he would face when founding a startup is quite strong. However, nothing in the analysis changes if we assume that the key employee just receives a signal about the demand and ξp F (q, K) denotes the inverse demand curve expected by the employee after receiving this signal.
The incumbent firm F chooses its R&D investments in order to maximize its expected pay-off taking into account the possibility for the employee to leave the firm and form a start-up. Formally, the problem of the incumbent can be written as
where v(K; γ) = P(J E (K; γ) > 0) denotes the probability that a start-up firm is formed. 4 Colombo and Dawid (2013) consider a setup where the incumbent and the start-up compete in a common market. The analysis carried out in that paper shows that the main qualitative insights obtained under the simplifying assumption made here extend to such a setting with more involved strategic interaction.
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In order to guarantee the concavity of the objective function in (2), we assume that the following inequality holds for all K ≥ 0
This condition requires that the marginal costs of producing knowledge grow sufficiently fast with K to dominate any non-concavity of the expected market profit of the incumbent with respect to changes in the knowledge stock. It is also convenient to define with (K) =
the elasticity of π F with respect to K. The dependence of this elasticity from the knowledge stock is characterized in the following Lemma.
Lemma 1 Under assumptions (1) the elasticity (K) is increasing with respect to K.
Proof. Taking into account that the firm is choosing the profit maximizing monopoly quantity q m (K) for each K, it follows from the envelope theorem that
Hence,
Taking the derivative with respect to K we obtain
The last inequality follows from assumptions (1) and the observation that
which is implied by the assumption of constant elasticity of p F with respect to K.
The optimal solution of the maximization problem (2) is denoted by K * (γ). The following Proposition shows our main result, namely that the optimal investment in R&D of the incumbent firm decreases as complementary assets become more easily accessible.
Proposition 1 Assume that (3) holds. Then, K * (γ) is decreasing in γ for all γ such that K * (γ) > 0.
Proof. Observe first that due to the global concavity of (2) for all γ such that K * (γ) > 0 the optimal solution of the profit maximization problem is determined by the first order condition
Implicit differentiation of this condition with respect to γ yields
where J F (K; γ) denotes the objective function of firm F given in (2). Due to (3) we have
< 0 such that the sign of ∂K * ∂γ is equal to that of
. Considering this expression, we get
Furthermore, since ξ is assumed to be uniformly distributed, we have that
and therefore
Overall, this gives
where the last inequality follows from Lemma 1.
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To gain an economic intuition for this result it should be realized that the sign of the relationship between K * and γ depends on the sign of the cross derivative of the incumbent's objective function with respect to K * and γ. The observation that K * is decreasing in γ is equivalent to the statement that the marginal increase of the objective function given in (2) becomes smaller as γ is increased. An increase of γ has two effects on the derivative of J F with respect to γ. First, increasing γ increases the probability v(K; γ) that a start-up is formed and, since the marginal return from additional R&D investment for the incumbent is smaller if a start-up is formed compared to the case where the employee stays in the firm, this effect reduces
∂K . The second effect is less straightforward. Increasing γ affects also the size of the marginal effect of K on the probability of start-up formation. Increasing K makes the probability of start-up formation higher and this reduces the incentive of the incumbent to invest in K. If this disincentive is reduced by increasing γ then this second effect would contribute to a positive relationship between K * and γ and, if dominant, it could imply that K * (γ) is an increasing function. However, in Proposition 1 it is shown that under our assumptions the first direct effect is always dominant and therefore the incentives to invest in R&D decrease if the availability of complementary assets goes up.
Data and key variables
In order to empirically test the relevance of the result in Proposition 1 of Section 2, we use firm-level microdata drawn from the third Italian Community Innovation Survey (CIS), conducted over a three-year period (1998) (1999) (2000) by the Italian National Institute of Statistics (ISTAT). 5 This survey is representative of the entire population of Italian firms with more than 10 employees, at both the sector, regional and the firm size level.
In more detail, the CIS 3 dataset adopts a weighting procedure that relates the sample of firms interviewed to the entire population (ISTAT, 2004) . 6 The dataset comprises 5 CIS surveys are nowadays systematically collected every three-years in most European countries (as well as in extra-European countries, such as Korea). Surveys run in different periods slightly differ in the design of the questionnaire and/or in the disclosure policy of some of the variables .For our purposes, the CIS 3 survey is the more complete among the ones currently available. It is important to note that the different CIS surveys are conducted independently, with the only aim to be representative, with no attention to the longitudinal dimension of the data. Therefore, each survey is largely composed by different firms and no panel data are currently available.
6 Firm selection is carried out through a "one step stratified sample design". The sample in each stratum is selected with equal probability and without reimmission. The stratification of the sample is based on the following three variables: firm size, sector, regional location. Technically, in the generic stratum h, the random selection of n h sample observations among the N h belonging to the entire population is realized through the following procedure: (i) a random number in the 0-1 interval a set of general information (industry of affiliation, group belonging, turnover, employment, exports) and a set of innovation variables measuring firms' innovativeness, subjective evaluations of factors hampering or fostering innovation, participation in cooperative innovation activities and access to public funding. The response rate was 53%, determining a full sample size of 15,512 firms, both in manufacturing and service sectors.
As far as the focus of our paper is on innovative companies, we only keep firms recommendations: weights indicate the inverse of the probability that the observation is sampled.
Therefore, sampling weights ensure that each group of firms is properly represented and correct for sample selection. Moreover, they help reducing the heteroskedasticity commonly arising when the analysis focuses on survey data. 7 As far as the age of the firms in the 'start-up' sub-sample is concerned, the 5 years threshold is chosen to solve the trade-off between a lower age and the representativeness of the sub-sample of young companies. With our selection procedure we end up with about 22% of the entire sample as start-ups. 8 We use NACE rev.1.1 industrial classification and consider industrial three-digit disaggregation.
Represented industries are reported in the Appendix, Table A1 . According to our model, if the availability of financial resources is not an obstacle for potential start-ups, R&D employees easily spin-off from incumbent firms and incumbents -backwards -are not keen on investing in R&D. Therefore, we expect a negative coefficient linking the availability of "complementary assets" (higher score of our impact variable) with incumbents' R&D investment.
CIS 3 provides further information on firms beyond their innovative activity. The following estimates adopt some of these indicators as further controls; in particular, we include four additional covariates in our specifications. The first accounts for a firm's access to policy support for innovation. A government subsidy or a fiscal incentive should increase a firm's innovative performance, although the empirical evidence on this is quite controversial, due to the possible insurgence of crowding out effects, displacing privately funded R&D investments (see Wallsten, 2000; Gonzáles et Al., 2005; Catozzella and Vivarelli, 2012) . The second controls for firms participating in a cooperation agreement for innovation. 11 The third accounts for firms adopting organizational changes, which might create an encouraging environment in the company to make an innovation strategy more likely to be effective -especially in terms of the overall productivity performance of the company. 12 The fourth control looks at a firm's export propensity. Global competition can spur innovation and capabilities,
9 No information about the knowledge stock is available in the CIS database. However, this is not a problem within our model setting, where the R&D investment (I) is assumed to be positively correlated with the knowledge stock (K). In fact, since I (K) > 0, to empirically show that incumbents' R&D investments and complementary assets (γ) are inversely correlated is equivalent to prove the obtained result that the incumbents' knowledge stock is decreasing with respect to γ. 10 As discussed in the Introduction, a variety of complementary assets may be needed to create a start-up, widely differing across industrial sectors. However, the availability of financial resources is the key factor in gaining access to those assets in all industries 11 The important role of cooperation agreements in affecting the innovative output of firms is highlighted by Cassiman and Veugelers (2002) , Piga and Vivarelli (2004) , and Fritsch and Franke (2004) . 12 See Schmidt and Rammer (2007) . On the complementarity between technological and organizational change, see Brynjolfsson and Hitt (2000) , Bresnahan et Al. (2002) , and Piva et Al. (2005) .
while technologically inactive firms are doomed to be excluded from the international arena (see Archibugi and Iammarino, 1999; Narula and Zanfei, 2003) . Finally, our econometric specification includes the four Pavitt's sectoral dummies (Pavitt, 1984) plus a 'service-industries' dummy in order to control for the different sectoral technological opportunity and appropriability conditions (on the role of the so-called 'sectoral systems of innovation', see Malerba and Orsenigo, 1995; Breschi et Al., 2000) .
Equation (4) describes the specification adopted for the empirical test.
log(R&D/SALES)
where C is the constant, i is the firm-index (incumbents), log(R&D/Sales) represents the innovative investments intensity, Complementary Assets is computed on the evaluation of start-ups (in each three-digit industrial sector), Support, Cooperation,
Organizational change and log(EXP ORT /SALES) (i.e.,export intensity) are the control variables previously discussed, and P avitt are the sectoral dummies (sciencebased, scale-intensive, specialized-suppliers, services, with the suppliers-dominated firms as the default category; k = 4). Note that, as it is common in the literature, continuous variables are log-transformed both to smooth heteroskedasticity problems and to mitigate the role of possible outliers. The correlation matrix for the entire sample is reported in Table 2 . As can be seen, all the correlation coefficients are less than 0.359 showing that data are not affected by serious collinearity problems.
The evidence
<Insert Table 2 : Correlation matrix about here> Table 3 reports the econometric results of the estimates run on the 1,337 incumbent firms. Diagnosis tests (F-test and R-squared) are satisfactory, taken into account the cross-sectional nature of the data. Moreover, the estimation has been controlled for both heteroskedasticity (using robust standard errors) and multicollinearity (VIF=1.36).
<Insert Turning our attention to the control variables, only the support for innovation turns out to positively affect R&D intensity, while the other controls do not reveal any significant impact.
Finally, focusing on the sectoral dummies and taking into account that the less innovative supplier-dominated firms are the reference category, not surprisingly sciencebased firms, followed by service companies and specialized suppliers, turn out to be more R&D intensive (see the values and significance of the corresponding Pavitt's dummies).
Concluding remarks
Since innovation can be considered the main driver of economic growth, to investigate the factors that are fostering or hampering R&D investment is relevant. The theoretical model proposed in this paper claims that there is a strategic (negative) relationship between the availability of the complementary assets needed for the creation of a new firm and the innovative effort by incumbent firms. The evidence provided in the second part of the paper supports this theoretical prescription.
An important implication of our analysis is that the evaluation of policy measures aimed at reducing the barriers faced by potential start-up founders should not focus exclusively on the induced effects on the frequency of start-up formation and the subsequent success of these start-ups. Such an evaluation should also take into account the negative effects that these policies might have on the R&D intensity of incumbents. is a need for a data collecting purposely addressed to catch and measure those assets, beyond the general availability of financial resources used in this paper. Third, the estimates in this study have a cross-sectional nature, while a dynamic specification would have allowed to properly compute the knowledge stock and to obtain more robust results; in this context, a need for longitudinal CIS data clearly emerges as a preliminary condition to extend the analysis through a dynamic test of the theoretical hypothesis proposed here. Notes: -Robust standard errors in brackets: * significant at 10%, ** significant at 5%, *** significant at 1%
-No multicollinearity problems have been detected 
